The present paper extends the literature investigating key drivers leading certain patents to exert a stronger influence on the subsequent technological developments (inventions) than other ones. We investigated six key determinants, as (i) the use of scientific knowledge, (ii) the breadth of the technological base, (iii) the existence of collaboration in patent development, (iv) the number of claims, (v) the scope, and (vi) the novelty, and how the effect of these determinants varies when patent influence-as measured by the number of forward citations the patent received-is distinguished as within and across the industrial and organizational boundaries. We conducted an empirical analysis on a sample of 5,671 patents granted to 293 US biotechnology firms from 1976 to 2003. Results reveal that the contribution of the determinants to patent influence differs across the domains that are identified by the industrial and organizational boundaries. Findings, for example, show that the use of scientific knowledge negatively affects patent influence outside the biotechnology industry, while it positively contributes to make a patent more relevant for the assignee's subsequent technological developments. In addition, the broader the scope of a patent the higher the number of citations the patent receives from subsequent non-biotechnology patents.
INTRODUCTION
The growing importance of technological innovation for firms as a source of a sustainable competitive advantage [e.g. 1, 2] has led researchers to identify indicators to measure the outcomes of R&D process. Great attention has been specifically paid to patent data, which has been one of the most widely used sources of data among researchers for the evaluation of R&D outputs [3, 4] . A patent, as defined by the United States Patent and Trademark Office (USPTO), is "a property right granted by the Government of the United States of America to an inventor to exclude others from making, using, offering for sale, or selling the invention throughout the United States or importing the invention into the United States for a limited time in exchange for public disclosure of the invention when the patent is granted". 1 The temporary monopoly granted to a patent's assignee(s) (individuals, private or public organizations) generally lasts for 20 years. A patent is granted when it satisfies three main criteria: the invention the applicant aims to patent must (i) be novel, (ii) involve a nonobvious inventive step, and (iii) be capable of industrial application. 2 Several factors have contributed to the adoption of patent data for the aforementioned evaluation purposes [5] .
First, patent data are available in most countries, especially in industrialized economies, where governments have collected data longitudinally. Second, patents contain a large amount of bibliographical information classified according to standardized schemes which in turn allows comparative analyses. Third, the extensiveness of data allows researchers and analysts to carry out both cross-sectional and longitudinal researches across multiple levels of analysis (e.g. nations, organizations, and individuals).
The potential of patent data to serve as an indicator of R&D outcomes has therefore attracted the attention of a large number of scholars. For instance, patent data have been proved capable to inform on different facets of the R&D process and outputs, such as the value of firms' intellectual property [6] , efficiency of R&D processes [7] and technological position in the competitive landscape [8] , as well as to assess the impact of innovation policies [9] . Significant research efforts have been particularly channeled in assessing the impact of patents and identifying those factors leading some patents to exert a stronger influence on subsequent technological developments (as mainly measured by forward citations counting) than other ones [e.g. 3, [10] [11] [12] . Despite these intensive research we have 1 The definition is reported in the USPTO Glossary available at www.uspto.gov/main/glossary. Other patent offices provide similar definitions. 2 See the USPTO 2012 "Manual of Patent Examining Procedure" available at www.uspto.gov/web/offices/pac/mpep/.
however limited knowledge on how the antecedents of patent influence differently affect the impact patents exerted on subsequent technologies when this impact is analyzed in different domains. In other words, it is less well understood whether patent influence is more or less bounded within specific domains. In this regard, the present paper aims at contributing to the extant literature on the determinants of patent influence by investigating how six key determinants previously identified in the literature (i) the use of scientific knowledge, (ii) the breadth of the technological base, (iii) the existence of collaboration in patent development, (iv) the number of claims, (v) the scope of the patent, and (vi) the novelty-differently shape the impact of patents in four domains as those identified within and across the industrial and organizational boundaries.
We conducted our empirical analysis on a sample of 5671 (granted) patents registered at the USPTO by 293 US biotechnology firms from 1976 to 2003. The biotechnology industry is a suitable setting for our research given the importance of patents as an effective mean for the protection of intellectual property in this context [see also 13, 14] . Results reveal that the effect of the considered determinants varies according to the domain under investigation. For example, it emerges that the use of scientific knowledge negatively affects the influence a patent exerts on subsequent technologies outside the biotechnology industry, while it positively contributes to make the patent technologically more relevant for the assignee's future inventions; a patent of a broader scope impacts subsequent patents that are granted outside the biotechnology domains and to other firms, where its influence is positive and inverted U-shaped, respectively; the novelty of a patent has an inverted U-shape effect on patent influence across the industrial and organizational boundaries.
The remainder of the paper is organized as follows. Section 2 reviews the existing study investigating patent influence and describes the six main determinants we considered for our analysis. In Section 3, the research methodology is presented. Sections 4 and 5 report the results and discussion, respectively. Finally, Section 6 concludes the study.
THEORETICAL BACKGROUND

Measuring Patent Influence
The skewness characterizing the distribution the influence of patents on the subsequent technological developments makes the design of evaluation measures and tools a complex activity [15, 16] improved by several studies [7, 18] . The main logic underlying the adoption of renewal data is that the most valuable patents are those renewed to full statutory term, since renewing the patent protection for an additional year is expensive for the patent holders. However, this approach presents three main limitations [19] . First, for those patents renewed over their statutory lifetime, the renewal fees provide a lower rather than an upper bound for patent value. Second, this approach does not capture discontinuity in the patent value over its life until the patent reaches the maximum term. In fact, it is supposed that the annual returns from having the patent in force decrease monotonically over the patent life. Finally, renewal data provide information only on the part of patent value generally defined as patent premium [20] , which represents the extra value that the invention generates to the assignee when it is patented.
We be that the innovation originating in the cited patent had indeed proven to be valuable" [3:
p.174]. Similarly, Albert et al. [24] , focusing on the patents held by Eastman Kodak, showed the presence of a strong association between citation counts and the technical importance of patents. Patents' technological relevance, as reflected by forward citations, has been also proved to positively affect economic-based indicators, thus strengthening the strategic importance of assessing patents' technical performance. For example, Shane [25] found that, for a small sample of semiconductor firms, patents weighted by citations have more predictive power in a Tobin's Q equation than simple patent counts. Citations-weighted patents also turned out to be more highly correlated with R&D than simple patent counts. By analyzing a set of German patented inventions, Harhoff et al. [10] found that patents with greater economic relevance were more likely to be cited in subsequent patents. Giummo [26] found similar patterns by examining the royalties received by the inventor(s) and patent holder(s) at nine major German corporations under the German Employee Compensation Act. Lanjouw and Schankerman [27] also used citations, revealing that they have significant power to predict which patents will be renewed and which will be litigated. Hall et al. [11] revealed the existence of a positive relationship linking patent forward citations and the stock market valuation of firms' intangibles, showing that an extra citation per patent boosts market value by 3%. Finally, Gambardella et al. [19] employed data from an extensive European survey and found that patents' inventor economic return is significantly and positively correlated with the number of citations these receive.
In order to provide a better understanding of the role played by forward citations as proxy of patent influence, it is worth analyzing in more details what a patent document means.
As discussed, a patent awards to one or more assignee (individuals, private or public organizations) the right to exclude others from the unauthorized use of the disclosed invention for a predetermined period of time. Patent citations define and limit the scope of the property rights by indicating the technological base upon which a specific patent is built [11] . Patent citations are added by the applicant, even if the decision regarding which citations to include ultimately rests with patent examiners, who may thus create noise in assessing the impact of patents, especially when citations are used as a proxy of knowledge flows [11, 28, 29] .
Nevertheless, despite this limitation, forward citations remain one of the most suitable indicators to assess the influence of patents.
Apart from 'how' measuring the influence of patents, a further question that has however received only scant attention in previous studies is 'where' measuring the influence.
A patented invention may influence the technological landscape of subsequent inventions within or across the specific industry in which it is granted. For example, the case of Viagra, originally developed by Pfizer for cardiovascular applications, has found significant application for the treatment of erectile dysfunction; a similar pattern emerged in the Corning's development of fiber optics, which have found important applications in the development of communication technologies [21] . Instruments, Hewlett Packard and others [30] . Thereby, these cases highlight the importance to deepen our understanding of how patent influence varies across domains-identified by the industrial and organizational boundaries-to properly assess the impact of patented technological solutions as well as to design R&D strategies and policies aimed at maximizing the output of the inventing process.
Antecedents of Patent Influence
Drawing from previous literature, we focus the attention on six determinants of the influence of patents: (i) the use of scientific knowledge, (ii) the breadth of the technological base, (iii) the existence of collaboration in patent development, (iv) the number of claims, (v) the scope of the patent, and (vi) the novelty.
Scientific Knowledge: Scholars have discussed the significant contribution of science to economic growth for years [31, 32] . [40] . However, the search process is highly path-dependent and constrained by organizational routines [41] , hence leading organizations to search for knowledge locally, i.e., into the neighbor of their existing capabilities [42] . The relationship between searching widely and patent influence has been extensively discussed. For example, by analyzing the innovation processes in the optical disk industry, Rosenkopf and Nerkar [23] found that patented innovations reflecting broader search efforts also have a greater impact on subsequent technologies. Using data on over half a million patents, Singh [43] revealed that patents based on a broad range of technologies present a higher quality. Finally, Capaldo and Messeni Petruzzelli [44] showed the positive impact exerted by the number of different knowledge domains across which firms search on the number of forward citations received by their patents. A broader search involves new interaction between the components, thus constituting the basis for a broader range of subsequent innovative developments and contributing to the pace of the technological progress [45] . A broader search process may also expand the patent life, then increasing the monopolistic rents of the holder organization [46] . However, increasing the breadth of technological search may have harmful consequences on the development of successful inventions. In fact, searching widely is a risky process that may lead to uncertain and unpredictable outcomes. Furthermore, searching across and combining a great variety of technological components may create several difficulties due to a lack of absorptive capacity, common knowledge base, and inexperience or unfamiliarity with the recombined technologies [47] .
Joint Development: Developing innovation can be conceived as a process where complementary and heterogeneous inputs (i.e., pieces of knowledge) are transformed into outputs (i.e., results of innovations) [48] . The increasing complexity of the knowledgecreation processes has lead firms to rely upon external resources [49] and hence search beyond their own organizational boundaries for valuable knowledge and skills complementing their capabilities [50] . In fact, innovation partly depends on firm-specific knowledge resources and strongly depends on determinants external to the firm. This is because firms often specialize in one or few fields of knowledge and rarely have all the required resources internally. Therefore, to innovate successfully, firms need to collaborate to gain access to knowledge resources that are not internally available [51] . Collaborations allow organizations to expand their knowledge base and, thus, to explore new opportunities and solutions [52] , which in turn may lead to the development of technologically valuable innovations [e.g. 53]. Nevertheless, despite these advantages, collaborations may also hamper the result of the innovation process due to the emergence of opportunistic behaviors and differences between partners' bargaining power [e.g. 54]. This may increase competition and reduce the benefits going along with inter-organizational resource integration. Interorganization collaborations at the patent level may be captured by analyzing the presence of co-assignees, i.e. whether patent property rights are jointly shared between two or more organizations [55, 56] . Co-owned patents may assume an important role in industries with strong regimes of appropriability, such as chemical, pharmaceutical, and biotechnology [55] .
In addition, joint patents are largely the result of inter-organizational collaborations where the companies are unable to 'divide' the invention among the partners, hence creating the necessity to share the intellectual property [57] .
Claims:
The claims reported in patent documents define the legally enforceable aspects of the given invention. Patent claims can be distinguished as principal and subordinate. The former defines the essential novel features of the invention, whereas the latter describes detailed features of the innovation. The number of claims can affect patent influence: the broader the property rights protection the higher the probability that others will rely upon the invention.
This explains the incentive leading assignees in increasing the number of claims in the patent application [58] . Tong and Frame [59] were the first to use information on claims to conduct empirical analysis. Specifically, they investigated the relationship between the number of The relevance of the scope to enhance patent influence has been also investigated by several empirical works. For instance, Lerner [63] demonstrated that the patent scope has a significant and positive effect on the valuation of venture capitalists financing biotechnology start-ups.
Shane [64] , conducting an extensive analysis of 1,397 patents assigned to the Massachusetts Institute of Technology, showed that the scope of patents increases the likelihood of the relative inventions to be commercialized.
Novelty:
One of the central concepts in the innovation study is that refining and improving an existing technology and introducing a new approach to technical practices are fundamentally different things [65] . The development of novel technologies is generally associated with the first stage of the technology life-cycle, being thus characterized by market uncertainty and R&D efforts [66] . However, if successful, technologies coming through this phase and moving to the growth stage have more opportunities to become radical innovations, hence breaking existing technological paradigms [64] , shifting towards new trajectories, and representing the basis on which further innovations are built. Therefore, novel patented innovations may represent rare, valuable, and inimitable sources of competitive advantage for firms [67] , allowing business growth and new business development [13] . Such an advantage mainly derives from the benefits associated with learning economies [68] , causal ambiguity [69] , switching costs [70] , consumer learning, and reputation advantages [71] . Nevertheless, as discussed, developing a novel patented innovation is an uncertain and risky task [72] .
Environmental factors, such as the pace of technology and market evolution [73] , may also affect the relevance of such novel technical solutions. In particular, technological uncertainty makes buyers reluctant to invest in product-specific competencies [70, 71, 74] , with the consequent risk of introducing an underdeveloped product that will make final customers more willing to switch to alternative products [75] . In addition, market evolution may imply changes in consumer tastes or preferences, emergence of new regulations, degree of market fragmentation, and consumer learning [76] , which may in turn impact the diffusion and success of a novel patented innovation.
METHODS
Research Setting and Sample Data
We conducted out empirical analysis on the US biotechnology industry. The rise of biotechnology has its origins in the discovery of the double helix structure of DNA by Watson and Crick in 1953 and the subsequent development of DNA recombination by Cohen and Boyer in 1973. The latter can be considered a radical innovation process that broke the barriers of entry into the pharmaceutical industry [77, 78] . We chose this particular research setting since the biotechnology industry is one of the most innovation-intensive industries [79] , and the patenting activity within this context plays a critical strategic role for firms' performance [80] [81] [82] . We focus our attention on the US market representing the most significant center of innovation for biotechnology [14, 80, 83] . For instance, in 2006, the US market was revealed as the market with the highest concentration of dedicated biotechnology firms, which spent US$25,101 million on R&D, accounting for 75% of total biotechnology R&D expenditures in developed countries [84] .
One of the major criticisms advanced against the adoption of patent data is represented by the unobserved heterogeneity across industries and technology fields [85] , which can significantly affect the suitability of patents as indicators of R&D outcomes. However, in the biotechnology field, innovations are more discrete in terms of product fragmentation, and, hence, may be covered by a small number of patents [80] . Individual patents can yield substantial rents from commercialization and/or licensing. For this reason, firms operating in this industry are likely to dedicate significant resources on the writing of strong and relevant patent applications. This supports the use of patent data as a proxy of the R&D outcomes.
For the empirical analysis, we relied on a patent dataset drawn from a population of 358 US public and private firms included in the BioScan database in 2010. BioScan is one of the most recognized biotechnology industry reporting services [13] . We searched for patents firms filed under the US patent system during the observation period 1976-2003 by querying the USPTO database. 3 We included in the sample only those firms that granted at least one biotechnology patent in the observation period-we identified the industrial boundary by using the US patent technological classes [86] . 4 This reduced the sample of firms from 358 to 293. Those firms granted 5671 patents, which represent our final sample and unit of analysis.
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For each patent, we collected bibliographical data and backward and forward patent citations.
Analyzing distribution of patents across the firms in our sample (see Figure 1) , Genentech, Pioneer Hi-Bred, and Chiron emerge as the main players in terms number of patents (14.44%, 12.03%, and 10.67%, respectively). Figure 1 . Distribution of biotechnology patents across the firms in the sample.
Variables
Dependent Variables: As discussed in the previous section, we estimated the influence of a patent on subsequent technologies as the number of forward citations the patent received [3, 4, 15, 60, 87] . The use of forward citations is particularly suitable for our study, since citations added by examiners do not represent a critical issue for two main reasons. First, we analyze the biotechnology context, where the share of applicants attributed forward citations is on average greater than 70% [28] and assignees strategically withhold only 5-7% of forward citations [29] . Second, we rely on patents granted by the USPTO to US firms, hence further reducing the share of examiner citations, which has been proven to be especially high among foreign firms [28] . 6 To control for the fact that older patents have a higher likelihood of being cited by following patents, we considered only those citing patents filed within a five-year time window after the given patent's filing date [42] .
With the aim to disentangle the influence of patents across different domains, we distinguished it according to the industrial (biotechnology) and organizational boundaries (see Figure 2 ). Firstly, we considered the whole patent influence (Influence), which was measured by the number of forward citations a patent received from subsequent patents. Following previous research [3, 87] , the whole influence of the patent i (1,2,…,m) is assessed as follows: respectively. Finally, referring to the organizational boundary, the influence of a patent is distinguished into InfluenceInFirm and InfluenceOutFirm if the citing patent is granted to the same assignee as the given patent or to a different one [4, 88] . Therefore, we adopted the following measures: To validate our patent influence indicators, we conducted a robustness test by analyzing the distribution of the family size of patents, which has been proven to be an alternative predictor of the relevance underlying an invention [27, 89] . Specifically, we referred to family size as "the number of different patent systems in which protection for a single invention is sought" [89: p. 2]. Thus, even though family size is not suitable for the purpose of the present paper, since it does not allow patent influence to be distinguished across multiple domains, we compared our citation-based measure with patent family size.
We found our measures of patent influence strongly related to family size, thus bestowing further confidence on our choice.
Independent Variables:
To account for the use of scientific knowledge (ScienKnowledge) in the inventing process, we measured the number of scientific non-patent references the given patent cited. The number of non-patent backward citations is a suitable measure to evaluate the extent to which a patent is based on scientific knowledge [10, 90] . 7 To measure the breadth of the technological base (TechBreadth) upon which the given patent is built, we relied on the measure proposed by Jaffe and Trajtenberg [4] . The construction of this measure where s ij refers to the fraction of patents cited by patent i that belong to technological class j out of n technological categories assigned to the patents by the USPTO. Specifically, we refer to the three-digit classes [91] . Since this variable cannot be defined when there are no backward citations, in this case, technological breadth is set equal to zero. The joint development of patents (JointDevelopment) was computed by counting the number of coapplicants to which the patent was granted [35, 55] . 8 To account for the effect exerted by claims, we measured the number of claims per patent (Claims) [19, 27, 59] . Following the approach proposed by Lerner [63] , we measured the scope of a patent (Scope) as a time- 7 Results are confirmed when we measured the use of scientific knowledge as a dummy variable taking value one if the focal patent cites at least one non-patent reference, and zero otherwise. 8 Inter-organizational collaborations were measured also as a dummy variable taking value one if the focal patent is assigned to more than one firm, and zero otherwise. The results did not significantly changed.
invariant count of the number of three-digit technological classes the USPTO assigned to the patent [10] . Finally, the novelty of a patent (Novelty) was evaluated as the number of threedigit technological classes in which patents cited by the patent are found, but the patent itself is not classified [64] . 
Control Variables:
We also included several control variables that may explain patent influence. First, we controlled for firms' patent stock (FirmPatents), which is used to take into account the technological capital owned by the biotechnology firm to which the given patent is granted [13, 14, 92] . The firm's patent stock was measured as the number of patents the firm granted at the USPTO during a 5-year time window preceding the filing date of the given patent. Second, we controlled for the firm's age (FirmAge) as the number of years elapsed between the firm's year of incorporation and the patent's filing year [79] . Third, the size of the team involved in a patent's development can have a direct effect on its relevance, because of economies of specialization, a larger and more diverse pool of knowledge, and access to a wider and more heterogeneous external network. Therefore, we included the number of inventors involved in the given patent (TeamSize) [43] . Fourth, we controlled for the patent's number of backward citations (BackCitations) [10] . Fifth we controlled for the age of the patents the focal patent cited, i.e. the number of years elapsed from the filing date of the cited patents to the filing date of the focal patent. We specifically included a variable (CitAge) measuring the coefficient of variation (standard deviation/average) of the age of cited patens. 9 Sixth, we controlled whether a patent was financially supported by the US government (GovInterest). This was evaluated by a dummy variable that takes a value one if the given patent was funded by US governmental agencies and zero otherwise. Finally, we also included dummy variables (33) for the main SIC codes assigned to the patents' assignees and year dummies (26) . Table 1 summarizes our variables.
Estimation Procedure
The dependent variables are count variables, taking only integer and positive values. Thus, the use of linear regression modeling is inadequate since the distribution of residuals will be heteroskedastic non-normal. In this case, the use of a Poisson regression approach is preferred. This estimation however assumes the mean and variance to be equal while patent data often present over-dispersion, i.e. the variance exceeds the mean [93] . The overdispersion is confirmed by the coefficients of variation equal to 2. 9 By introducing the coefficient of variation of the age of cited patents we further reduced the risk of multicollinearity issues in the regression models since the average and standard deviation tend to be correlatedin our data the correlation between the average and standard deviation of the age of cited patents is equal to 0.530. Table 2 report the descriptive statistics and correlation between our variables. Correlations among the independent variables are low such that multicollinearity can be considered to be not a cause for concern. We also standardized the independent variables before creating the squared terms and running the regression. The standardization reduces potential multicollinearity issues in the estimation process when testing the curvilinear effect of an independent variable [94] .
RESULTS
In Table 3 , we reported the results of the negative binomial estimations of patent influence across the different domains identified by the industrial and organizational boundaries: Model 1 report the analysis for patent Influence, whereas Models 2-5 test patent influence as distinguished in InfluenceInBio, InfluenceOutBio, InfluenceInFirm, and InfluenceOutFirm, respectively. We reported the estimation of the over-dispersion parameter alpha (α) for each model. The results confirm the negative binomial estimation to be more suitable than the Poisson one since the estimated over-dispersion parameter is significantly different from zero in each model. In addition, when the squared term of an independent variable was found not statistically significant in the regression model, we ran another regression excluding this term. This allowed us to obtain better estimates by further reducing the risk of multicollinearity issues. 
DISCUSSION
Overall, we revealed that the six key determinants we analyzed differently contribute to explain the influence of patents as this is decomposed according to the industrial and organizational boundaries. Table 4 summarizes the main results. Figure 3 reports the slope analysis and plots the relationships between the six determinants and patent influence. Huber-White robust standard errors in parentheses; The hypothesis test for the over-dispersion is that the alpha parameter is zero.
We specifically found that the use of scientific knowledge negatively affects a patent's impact on subsequent patents that are granted outside the biotechnology industry, while it increases the technological relevance of the patent for the assignee's future inventions. A more extensive use of scientific knowledge may provide assignees with a broader knowledge base to source for subsequent inventions [34, 95] . On the other hand, the negative effect of the use of scientific knowledge on the number of citations a patent receives from subsequent nonbiotechnology patents may be due to the greater complexity that features patents building on a broader scientific knowledge base [39] . This in turn contributes to reduce the degree of understanding and applicability in sectors other than biotechnology. Findings also show that the breadth of technological base generally does not significantly affect the influence a patent exerts on subsequent technological developments. In other words, the analysis suggests that combining knowledge across either multiple or few domains does not significantly contribute to enhancing the impact of the resulting patented invention. This result may be explained by the research on knowledge search and recombination process according to which most innovative firms are those performing a balanced search process [34, 41] . In fact, on the one hand, excessive complexity [96] and lack of absorptive capacity [47] , and, on the other hand, a limited set of technological opportunities to be combined [40] may, respectively, undermine search efforts towards the development of significant inventions. Nevertheless, a different result emerges when referring to a patent influence outside the biotechnology industry where a patent's technological breadth exerts a negative effect on the citations the patents receives from non-biotechnology patents. The costs of going along with complexity seem to outweigh the benefits of multiple recombinant possibilities, by significantly reducing the capability of organizations operating in different industrial domains to build on the technological solutions posed by such patented inventions [97] . The joint development of a patent presents a significant effect only when referring to the influence of the patent within the biotechnology domain. This effect is positive and may be closely related to the nature of the patent in our sample. The majority of joint patents (about 90%) occur between biotechnology firms or between biotechnology firms and large pharmaceutical companies. Being highly focused on specific strategic issues, these patents may result of interest especially to those firms operating within the biotechnology. This finding is in line with a recent study by Zidorn and Wagner [98] , who found that alliances in the biotechnology industry are generally established to specialize in a certain research field, rather than to explore and enter into new markets and domains, hence making the influence of their innovative outcomes generally bounded within biotechnology.
The effect of the number of claims on the future citations a patent receives is curvilinear (inverted-U) in all the considered domains -except for the influence the patent exerts outside biotechnology, where the impact is linear and positive. Results suggest that as the number of original functionalities a patent claims increases the uncertainties associated with the domain of application of the patent also increase [99] . This may therefore reduce the probability that the patent is used as a valuable source for the subsequent technological developments.
The results on scope suggest the presence of a curvilinear effect on patent influence outside the assignee's organizational domain. The effect is however linear and positive on patent influence outside biotechnology. As expected, a patent of a wide industrial applicability is more likely to find successful applications outside the specific organizational and industrial domains, although in the former a trade-off emerges. This finding seems to suggest that a patent with a broader scope may be the result of specific strategic choices rather than innovativeness of the given patent per se [62] ; thus, the patent may result in being technologically less valuable for other organizations.
Finally, the last determinant we investigated is the novelty of patents, that is, the extent to which the patent differs from the state of the art. Our analysis shows that its effect is curvilinear on patent influence as a whole and patent influence across the industrial and organizational boundaries. This suggests that a high degree of novelty may slow down the diffusion of the patented invention [73] . In fact, other firms, also operating outside the biotechnology industry, may encounter difficulties in absorbing and using the novel invention since their different and distant technological competences and knowledge bases. This may therefore hinder those firms' capability in innovating by following the new traced directions.
CONCLUDING REMARKS
In this paper, we put forward potential estimates of patent influence on subsequent The analysis offered several practical implications. In fact, by investigating patent influence on the basis of different perspectives, we encourage inventing individuals and firms to correctly identify the main patenting aim for a more effective resource allocation. We showed that patent influence differs across the industrial and organizational domains, thus highlighting that strategies and actions need to be carefully designed in the attempt to achieve the desired impact given contrasting effects of the considered determinants. For example, findings show that joint development activity makes patents technologically relevant within the biotechnology industry, while patents with a broader scope exert a stronger influence on the technological developments outside biotechnology. The evaluation of a firm's patent portfolio should therefore take into account these differences by weighting patent characteristics on the basis of which type of impact should be increased. An understanding of the different patenting results may also allow policy makers to define policies and aids to better address the required purposes. This is the case of the effect exerted by the use of scientific knowledge. A patent that is built more extensively on scientific knowledge represents an important base for subsequent technologies (inventions) of the patent's assignee.
This provides evidence of the importance to create incentives for firms to strengthen their scientific base by, for example, the recruitment of scientists as well as the establishment of collaborations with research-oriented organizations.
It is worth noting the limitations of our analysis. First, despite the extensive and wellrecognized role of forward citations in capturing the influence of patents [11, 12, 20] , their use has been questioned. In particular, patent citations are often added by examiners rather than by assignees [11, 28] , and examiners may lack the necessary resources for conducting an extensive search of the prior art [28] or decide to withhold citations for strategic reasons [29] , hence creating some concerns about the reliability of citation-based indicators. Future research efforts should focus on the development of alternative proxies, based, for example, on multi-indicator approaches, to assess patent influence. Second, the paper did not investigate the potential interdependencies between the full-text patent indicators. Therefore, further studies could investigate the interacting effects between the determinants of patent influence in order to test the presence of complementary or substitutive effects. Third, the proposed research framework could be studied by introducing additional perspectives, such as strategic, geographical, and institutional. For instance, the geographical locations of patent assignee may contribute to explain differences across patent impact dimensions. Finally, the work analyzed only firms operating in the biotechnology industry and located in the US.
Future studies may validate the results across different sectors and countries. 
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